SUMMARY-An unusually large neoplasm with a volume approximately one-eighth that of the body volume of its host, a Sydney rock oyster (erassostrea commercialis), is described and discussed. As in previously described neoplasms of this type, the surface had deep crypts. Microscopic examination revealed a papillary structure throughout. The villi were composed of stratified or pseudostratified atypical epithelium supported by delicate, almost filamentous cores of connective tissue. The atypical epithelium of the tumor was apparently derived From the mantle epithelium. Mitoses were relatively numerous, and the growth penetrated through musde of the mantle into the ovary. The neoplasm was un associated with any significant inflammatory or desmoplastic reaction. Its large size and invasive property indicated that it belonged to a group of progressively growing neoplasms comparable to neoplasms in vertebrate animals.-J Nat Cancer Inst 46:1079-1084,1971.
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AFTER the first discovery of neoplasms in Sydney rock oysters, Crassostrea commercialis (Mollusca: Pelecypoda) (1), similar tumors were observed in 12 additional specimens collected from a different locality. All these tumors had macroscopic and microscopic structures closely comparable to those described earlier, and all were on the inside of the mantle, evidently originating from the inner or middle mantle lobe. One tumor, however, was much larger and showed more extensive host involvement than any previous tumor. It was selected for description because it demonstrated that all growths of this type do not fall within a small, harmless size range, but may attain proportions that threaten the well-being and continued survival of the host.
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The oysters were collected near Greenwell Point at the juncture of the Shoalhaven and Crookhaven Rivers. This estuary is on the southeastern coast of Australia, near Nowra, 100 miles south of Sydney (text- fig. I ). The salinity in this area averages 31 parts per thousand, which is slightly higher than in the Hawkesbury River just north of Sydney, where the previous tumor-bearing oysters were collected. The only industrial effluent into the Shoalhaven River comes from a papermill about 6 miles upstream from the oyster beds. Human sewage in this area is negligible, and there is no radioactive waste drained into the river. The surrounding area is dairy farmland.
MATERIALS AND METHODS
Of 20,000 oysters examined from the same shellbed, 12 with tumors were found. Thus the tumor incidence was 0.0006%.
After the oysters were opened, the shells were examined for parasites and shell anomalies, with negative results. The female oyster, in which the unusually large tumor was found, was fixed in Davidson's fluid (formalin, glycerine, 95% ethanol, sea water, glacial acetic acid) and later photographed with the tumor in situ ( fig. 1 ). The fixed oyster was then transected 3 times: I) through the mouth and labial palp region, 2) through the gills, digestive glands, and ovariesapproximately halving the animal-and 3) through the pericardial cavity just anterior to the adductor muscle. The resulting 4 blocks were embedded in Paraplast and sectioned at 4 p.. The slides were stained by Mayer's hematoxylin and eosin, Mallory's triple connective tissue modified for oyster tissue (2), Masson's trichrome, phosphotungstic acid-hematoxylin, Feulgen picroaniline (3), and MacCallum-Goodpasture's (4).
RESULTS
The tumor, on the dorsal side of the oyster which was 39 rom long and 22 mm wide, extended from the oral region posteriorly to the heart region. I t measured 16 X 10 X 8 mm, approximately one-eighth of the entire mass of soft tissue of the oyster. The lesion was cream white and distinctly different from the color of the host tissue. It had a velvety texture and had deep ridges. The histological structure of the neoplasm was relatively constant. Basically it consisted of closely compressed epithelial villi or papillae ( fig. 2 ) supported by branching cores of connective tissue. The resulting crypts and clefts were clearly connected with the mantle cavity and were filled with large masses of dead cells ( fig. 3) , apparently derived from exfoliation of epithelium from the villous processes. Nowhere did entire villi appear to have undergone necrosis. At the base, the neoplasm extended through the muscle and connective tissue of the mantle into the gonads (fig. 4) . The ovarian tubules were not destroyed, and invasion by the neoplasm stopped just short of the digestive diverticulae. There was no evidence of distant metastases by way of the hemolymph system. The outer surface of the lesion was composed of compound villous processes identical to those deeper in the tumor. These villi gave the surface its ridged, velvety gross properties.
At the base, the neoplastic epithelium displaced the normal mantle epithelium over a short distance; the junction between tumor epithelium and mantle epithelium was abrupt ( fig. 2 ). There was no connective-tissue response to the epithelial invasion or any significant inflammatory reaction. In some stromal cores of the villi, however, collections of macrophages were seen. Cytologically, the epithelium of the lesion was dissimilar to the mantle epithelium in that it showed cellular atypia. With large nuclei and reduced cytoplasm, most of the epithelial mass appeared to be occupied by closer packed, dense nuclei. The increased nuclearcytoplasmic ratio, in addition to an increased basophilia of the cytoplasm, resulted in a pronounced hyperchromatism of the neoplasm. Mitotic figures were moderately numerous ( fig. 5 ) and seemed to occur more frequently toward the outer region of the growth.
DISCUSSION
There have been few reports of tumors in oysters. All tumors in C. commercialis thus far observed and described were not more than 8-10 mm in diameter (1) . Although 3 of 4 criteria for malignancy in mammalian tissue were present--cellular atypia, mitotic figures, and invasion-it was presumed that the lesions previously described need not have been lethal, since they had not affected any vital tissue.
The present growth, however, is different. Its enormous size (one-eighth of the body mass) must have killed the host, either by inhibiting vital functions due to compression or by completely invading the adjacent digestive diverticulae, or both.
The two main structural features not observed in earlier lesions, i.e., the partial vascularization of the tumorous mass and the efficient drainage of phagocytes and necrotic cell debris to the exterior, suggest that the tumor was well supplied with VOL. 46, NO.5, MAY 1971 41'7-9'66-71--30 nutrients and oxygen and accounts for the reduced amount of necrotic tissue inside the tumor. Invasiveness is better demonstrated, since whole parts of the connective tissue, muscle tissue, and blood vessels were engulfed by the lesion (fig. 6 ).
Like that of the lesions of the tumor-bearing oysters in the Hawkesbury River, the etiology of this tumor is unknown. Radioactive material can be safely ruled out, since no nuclear power plants are in the river system. Discharges from the one papermill upstream perhaps could be investigated further though they would not be expected to be a significant factor in oyster tumorigenesis, since no papermills exist in the Hawkesbury system. Three explanations are possible for the fact that all 12 tumor-bearing oysters from Greenwell Point were discovered in the same shell bed: I) A genetic mutation occurred which produced a population of tumor-susceptible oysters, and the tumors appeared spontaneously; 2) the infectious agent, which may be a virus, is localized in this shellbed; and 3) the infectious agent is ubiquitous but causes tumors only in oysters, made tumor-susceptible, as by a genetic mutation. Further experiments using electron microscopy, and tissue culture, transplantation, and infectivity studies will be needed to verify these hypotheses.
